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CALIBRATION TESTS OF A490 HIGH-STRENGTH BOLTS 
SYNOPSIS 
Over fifty calibration tests on 7/8 in. diameter ASTM. A490 bigh-
strength bolts were conducted. Data on bolt tension, elongation; turns of 
nut, and general behavior were analyzed. Comparisons were made of bolt 
behavior when torqued in a commercial load cell and in a solid steel block: 
i 
it was found that a significant difference exists between these two conditions. 
The general characteristics of the A490 high-strength bolt appear to be 
similar to those of the familiar A325 bolt, but the physical properties of 
the new bolt will provide greater fastener strength and joint clamping. 
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CALIBRATION TESTS OFA490 HIGH-STRENGTK,BO~S 
I . INTRODUCTION 
1. , Scope of Investigation 
This investigation was approved by the Research Council on Riveted 
and Bolted structural Joints in March, 1963, in order to provide the additional 
data necessary for possible revisions (in 1964) to the specifications of the 
ec. 
Council. Although the ASTM A354 grade m-bolt has been permitted in the 1961 
and 1963 editions of the specifications of the American Institute of Steel 
Construction, it was found that the A354 grade BD bolt offered greater strength 
at very small additional cost and might prove more economical in structures. The 
American Society for Testing and Materials acknowledged the need for a 
structural bolt of higher strength by developing a specification for a heavy 
structural bolt, comparable dimenSionally to the ASTM A325 fastener but with 
material properties similar to the ASTM A354 grade BD bolt. This new bolt, 
ASTM A490 (Tent.), "Quenched and Tempered Alloy Steel Bolts for Structural 
Steel JOints, Including Suitable Nuts and Plain Hardened Washers," should be 
approved by ASTM in March, 1964. Wi th the A490 bolt specification approval, 
a need arises for the information necessary to permit revisions in the 
specifications of the Research Council and of the American Institute of Steel 
Construction, in order that designers may take advantage of the new bolt. 
A second purpose for this study was to determine whether different 
testing procedures employed at various laboratories would contribute 
significantly to experimental scatter. By having the Uni versi ty of Illinois 
and Lehigh University conduct the testing in duplicate, this possible variable 
could be checked. All bolts, nuts, and washers were supplied by a well-known 
manufacturer in sufficient quantities from the same lots, to Lehigh University. 
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There the bolts were identified and selected at random so that Illinois would 
recei ve half of each lot. All special equipment used for testing was 
supplied by the respective university. Separate reports are being written 
by the staff of both universities, describing their own techniques and results. 
A combined report incorporating the work done at both laboratories Will be 
prepared for possible publication in the near futureo 
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II . DESCRIPTION OF TESTS 
3. Materials and Equipment 
Tests were conducted on A490 heavy hexagon head 7/8 in. diameter 
bolts having lengths under head. of 5-1/2 in. and 9-1/2 in. The 5-1/2 ino 
bolts had 1-1/2 in 0 of thread produced by rolling between dies, while the 
9-1/2 in. bolts 'had. 1-1/2 in. of thread produced by machine cutting. The 
bolts were received from Lehigh ~th gage holes drilled in the center of 
ei ther end, along With a stamped identification number. The threads of the 
nuts and of the 9-1/2 in. bolts were well-lubricated, but those of the 5-1/2 
in. bolts appeared qui. te dry when recei vedo In every test, one hardened 
washer was used under the heavy hexagon Al94 Grade 2H nut 0 The washers were 
noted to have a rather large amount of rough mill scale on both surfaces 0 
The calibrator used for the torque tests was a Skidmore-Wilhelm 
MOdel M, Serial 342, which uses hydraulic pressure for load measurement. 
This unit was carefully calibrated at intervals during the testing program 
to insure that the vibrations from pneumatic torquing did not alter the 
calibration and accuracy. For both lengths of bolts, a rear adaptor was 
machined to accept the bolt head and to fit the calibrator in order to provide 
the proper grip with a minimum number of plies or parts in the assembly. 
For the tests which were torqued in a solid block, a four inch 
thi~~J 4 in. x 4 in. block of A440 steel was drilled and was re-used for 
every such test. For these tests, as for all others, a hardened washer 
was used under the nut only. 
It was necessary to employ two different multiplying C-frame 
extensometers for elongation measurements. An extensometer With a 12-1/2 
in. ~um gage length was used for the 9~1/2 in. bolts, While one with an 
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8-1/4 ina maximum gage length was used with the 5-1/2 ina bolts. Both 
extensometers were carefully calibrated against a super-micrometer before 
testing, in order to determine accurately the multiplication factors. The 
multiplication factor for the larger extensometer was 00218 and for the smaller 
extensometer it was 0.22. Thus, the actual changes in bolt elongation were 
magnified apprOximately four and a half times by these lever-type extensometerso 
In order to assure consistent elongation readings, in so far as possible, each 
extensometer was equipped with a counter-balance as shown in Figures la and lb. 
The counter-balance was attached so as to cause the entire weight of the 
extensometer and of the counter-balance to be carried by the fixed pOint. This 
enabled the highly sensitive,movable point to be influenced solely by the 
elongation of the bolt, and assured consistently uniform seating of the movable 
point in the bottom gage hOle. 
4. Test Variables 
The type and number of tests which were conducted are shown in the 
following table: 
Length, in. 9-l L2 5-lL2 
Total Grip, in. 8-1L4 8-11L16 4-lL8 4-9L16 
Thread Length in Grip, ino 1/8 9/16 1/8 9/16 
Direct Tension 6 5 5 5 
Torqued Tension 5 5 5 5 
(Skidmore-Wilhelm) 
Tor qued Tension 5 5 (4 in. Solid Steel Block) 
It can be seen that the variables included total grip, thread length. 
in the grip, and method of loading. The grip was measured from the underside 
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of the bolt head. to the face of the nut in contact 'With the washer. The thread 
length under the nut was measured from the beginning of the minimum root 
diameter of the bol t.thread (start of first full thread) to the face of the nut. 
5. Test Methods 
Observations made before every test were: (1) the actual bolt length 
(to 1/32 in.); and (2) the number of turns of the nut required to back it off 
from the stop position to the required grip (this gave some indication of 
relative fit of nut and bolt threads and served as a check on the measured 
thread length in the grip). Before testing, the gage holes at the ends of the 
bolts used to accommodate the extenspmeter were reamed lightly by a hand-held 
cold punch, in order to remove dirt and burrs and to "set f1 the edges of the 
hole. 
The following measurements and observations were made at the 
termination of the applicable tests~ 
1) Final bolt length (to 1/32 in.) 
2) Amount of nut rotation to failure 
3) Rupture load 
4) Location and ty:pe of failure 
5) Ease with which the nut could be turned on the bolt threads 
after failure (indicating possible strippingof the threads) . 
6. Direct Tension Tests 
* The direct tension tests were conducted on a 120 kip Baldwin hydraulic 
testing machine, employing special holders having replacable inserts to 
accommodate various bolt diameters 0 These are shown in Fig 0 lao Large particles 
* One kip equals 1000 pounds 0 
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of dirt were removed from the 9-1/2 in. bolts with a wire brush to allow easy 
turning of the nut to the proper grip of the specimen. To attain a 9/16 in. 
included thread length in the grip With the 9-1/2 in. bolt, the nut had to be 
brought just flush with the end of the bolt. 
For all tests, the bolt was taken up to proof load (55.45 kips) at 
5 kip increments, from a 0.6 kip initial load, and elongation readings were 
taken at each level. A small initial load was desirable in order to keep the 
bottom holder in place while initial extensometer readings were made. Then 
the bolt was unloaded to 0.6 kips and measured to determine the residual proof 
load elongation. The bolt was again taken up to proof load, this time at a 
constant head speed of 0.02 inches per minute. Then the bolt was tested, to 
failure at a head speed of apout 0.05 inches per'minute, with load and 
elongation readings taken at various points until the extensometer ran out of 
travel, which occurred well after the ultimate load had been reached. 
In general, three elongation readings were taken at each loading 
increment, and they usually fell within a dial range of .001 (or Within 
.0002 in. actual). The average of these three readings was then converted to 
the actual change in elongation in incheso 
The first two direct tension tests of the 5-1/2 in. bolts With the 
4-1/8 in 0 grip exbibi ted thread stripping fai:bures. Because of this, the 
remaining tests of the 5-1/2 in. bolts (direct and torqued tension) included 
a measurement of the bolt and nut thread diameter dimensions to check the 
fitting tolerance. 
7. Torqued Tension Tests - Calibrator 
Ten each of the 9-1/2 in. and 5-1/2 in. bolts were torqued in the 
calibrator. A 7/16 in. thick square 't.washer If was used at the calibrator 
face in order to obtain the longer grip. After packing the calibrator to the 
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required grip with the appropriate rear adapter, the bolt and nut were installed 
to a "finger-tight It position. The nut was then tightened with a hand· -wrench 
to 5 kips and then to 10 kips; elongation and nut rotation readings were taken 
at both loads. From this point} the nut was tightened to failure with a CP612 
impact wrench from the "snug" position (10 kips) in .30 degree increments 
( 1;12 turn), with load and elongation data taken at each 0 The set-up for these 
tests is sho'WD. in Fig. lb. The same respective extensometers used in the 
direct tension tests were employed for this group also, except for four of 
the 5-1/2 in. bolt tests (two each with 1/8 in. and 9/16 in. thread in the 
grip). The elongation measurements of these four bolts were made with the 
large extensometer in order to double-che~k the extensometer response. Rotation 
was measured by means of a paper rosette divided radially into 30 degree 
sections and taped to the calibrator face plate. 
During the first two torque tests, it was noticed that the hardened 
washer was turtling with the nut . At the conclusion of the second test, the 
rough surface of the washer had galled the calibrator face plate to such an 
extent that it was decided to apply "Lubriplate" to the surface of the washer 
in contact with the nut to decrease the nut-washer friction and to reduce 
the probability of the washer turning. This procedure 'Was successful and was 
used on all the remaining torqued tests since torque was not being measured. 
Bolt and nut thread diameters were measured before testing~ however, no bolts 
failed by thread stripping in the calibrator. A small amount of light utility 
oil was put into the nut threads of the 5-1/2 in. bolts to minimi..ze the 
possibili ty of thread stripping, since these bolts appeared dry 0 .An air 
pressure of 100 pounds for the pneumatic wrench generally enabled a 30 degree 
increment to be made in a maximum torquing time of about 5 seconds. 
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8. Torqued Tension Tests - Solid Block 
For this series of tests, the 5-1/2 in. bolts were tightened in 
the solid block) which was held in a large vise. The nut 'Was brought to a 
"finger-tight" position) and then tightened to the mean Hsnug" elongation 
obtained from the calibrator tests. The nut 'Was torqued to failure and 
elongation measurements were taken at 30 degree increments. The l/l6 in. 
thick square "washer" was again used in the test set-up to obtain the 4-9/16 
in. grip. The position of the extensometer was vertical as shown in Fig. lb 
for the test in the calibrator. 
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III. RESULTS AND ANALYSIS OF TESTS 
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results between the two parallel studies; as well as the effect of different 
thread lengths in the grip. From these curves it can be seen that in the 
elastic region; a difference in the thread length in the grip (1/8 in. or 
9/16 ina) has little effect 0 However, the ultimate load for bolts with the 
shorter thread length in the grip averaged about 5 percent greater than that 
for bolts with the longer included thread length. Also; there was a notice-
able increase in ductility or total elongation observed for the tests conducted 
with the longer (9/16 in.) thread in the grip, as can be seen from these 
figures and the tables. Very similar results can be seen in a study of 
Figures 5 and 6, and also in Fig. 7; which combines the average curves for 
9-1/2 in. bolts from Figures 5 and 6 with data from Ref. 40 For these longer 
bolts, the effect of shorter thread length in the grip produced about an 
8 percent increase in ultimate load. 
The effect of length of grip is' illustrated by Figure 8. Since the 
two grips involved are 4-1/8 in. and 8-1/4 in., ideally it would be expected 
that the 9-1/2 in. bolt might elongate approximately twice as much as the 
5-1/2 ino bolt for a given load, so long as the shank and the thread regions 
remained in the elastic range. A ratio of the elongations at proof load 
shows the actual ratio to be 1.88 for the 1/8 in. thread in the grip (and 
about 1.84 for the·9/l6 in. thread in the grip although some plastic 
behavior had begun and this comparative plot is not shown). It seems reasonable 
that a ratio of less than 2.0 would actually result since the length of thread 
in the grip (or the length with reduced cross-sectional area) makes up a 
larger percentage of the total grip for the shorter bolt, so that, relatively, 
a greater elongation might be expected in the short bolts. 
In connection with the direct tension testing summarized in Table 1 
and shown in Figures 2 through 8, it was noted that all,direct tension specimens 
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except one, a 9-1/2 in. bolt with 9/16 in. thread in the grip, reached the 
'specified minimum ultimate load of 69.3 kips, even though there were four 
thread stripping failures (in the 5-1/2 in. group). The measurements, prior 
to testing, of the bolt and nut thread diameters of those stripped 5-1/2 in. 
bolt specimens are shown below along with the appropriate ABA tolerances for 
a Class 2 fit (ABA Blol-1949): 
7/8 in. x 5-1/2 in. Bolts 
7/8 in. x 9-1/2 in. -Bolts 
7/8 in. Heavy Nuts 
Average Measured 
Thread Diameter, In. 
0.863 
0.860 
0·773 
ABA Class 2 
Tolerance, In. 
Min. Max. 
0.859 0.873 
0.859 0.873 
'0 .. 755 0·778 
The actual, "as measured U thread dimensions shown above give a 
relatively. "loose" fit of nut and bolt. Although thread measurements were not 
made for any of the 9-1/2 in. specimens which were tested (since no stripping 
occurred), a subsequent examination of several bolts showed the average diameter 
to be 00860 in 0 J actually slightly less than the diameters measured on the 
bolts apparently were cut or machined after the heat-treating operations, while 
it appeared that the rolling of the 5-1/2 in. bolt threads had been done before 
heat-treatd.ng 0 Six out of a total of eight stripping failures under direct 
and torqued tension testing occurred in bolts With 1/8 in. thread in the grip, 
apparently because of the higher loads Which were developed. 
11. Load. ... Rotation Relationships 
Load vs. rotation data are plotted in Figures 9 through 1:5. Several 
results of interest appear in a study of Figure 9: ( 1) Upo,n tightening. the 
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shorter A490 bolts in a solid block, proof load was reached in just over 1/4 
turn from a 11 snug" of 10 kips. ( 2) The comparable results from Ref. 4 agree 
remarkably with the data of the solid block tests reported herein. (3) All 
but one of the 5-1/2 in. bolts tested at Illinois reached proof load at 1/2 
turn in the calibrator, but the hydraulic calibrator is obviously much t1softer" 
than a solid block. (4) There appears to be some variation in that "softness" 
between the calibrator used at Illinois and that used at Lehigh, based on the 
average curve shown 0 
When more threads are included in the grip, slightly more turns of 
the nut are required to reach proof load. This can be seen by comparing 
Figures 9 and 10. In Figure 10 it will be noted that only two of fi ve 5-1/2 
in. bolts With 9/16 in. thread in the grip torqued in the calibrator reached 
the proof load. at 1/2 turn from Itsnug . if Also, the Usofter" calibrator used 
for the tests of Ref. 4 gave an average of about 1/8 turn more to reach proof 
load than was required by the calibrator used by Illinois. 
The effects of thread length in the grip (for the 5-1/2 ino bolt 
tests reported herein) are best port~ayed in Figure 11. The difference 
produced by the variations of almost 1/2 in. or four threads in the grip is 
small w.nen compared to the difference in the effect produced by a solid 
and 
block in the grip/by a hydraulic calibrator. Actually, a multiple-ply 
structural joint might be e:A"Pected to fall stnnewhere betr..reen these t"viO extremes, 
depending on the thoroughness 'With which the steel has been drawn up during 
the snugging and assembly operations; the number, thickness, and flatness 
of the plies; etc. 
In Figure l2, the data from the 9-1/2 in. long bolt tests again 
show very little effect from the thread length in the grip until after proof 
load has been reached. The relative "softness" of the calibrator used in the 
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tests of Ref. 4 is also again evident. The Illinois tests reached only an 
average of about 88 percent of proof load at 1/2 turn, or required about 
0.61 to 0.67 turn to reach proof load. These tests were made in a hydraulic 
calibrator which, as mentioned above, may be thought to represent an upper 
limi t on Usoftness II which might be expected in actual structural joints. It 
might also be pointed out that tests made with actual steel workers operating 
pneumatic wrenches have shown that "snugu often will be greater than the 
10 kips used herein as a reasonable base from which to calculate turns. (These 
9-1/2 in. bolts are almost 11 diameters long, or more than the 8 diameters 
length limit which may be recommended in the 1964 Council specification revision 
as the maximum length for which only "1/2 turn from snug" will be prescribed,; 
bolts eight diameters or 8 in. long may be required to have "2/3 turn from 
snugU) .. 
The effects of bolt length and bolt grip on the load-rotation data 
for calibrations in a hydraulic load cell have been combined in Fig. 13. 
Among the i~ortant data summarized in Table 2 are the ratios of 
torqued tension ultimates to direct tension ultimates. The IllinoiS tests 
varied from 82 to 88 percent and averaged 85 percent. These values compare 
well with the commonly presented value of 85 percent, the value of 82 percent 
mentioned in Ref. 2 for A354 BD bolts, the 83.5 percent in Ref. 4 for A490 
bolts, and the 84 percent from the extensive tests of Ref. 5 with A325 bolts. 
Since readings of actual bolt load could not be taken during the 
solid block tests, the load vs. rotation plots shown in Figures 9, 10 and 11 
were obtained by applying the measured bolt elongations in the solid block 
tests to the average calibrator load vs. elongation curves and picking off 
the corresponding loads. It is assumed that the load vs. elongation relation-
ship is constant regardless of the flexibility of the material in the grip. 
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The solid block curves are shown in these figures only up to the ultimate load 
since the scatter of actual load vs. elongation data beyond that point did not 
justify continuation. 
It is felt that the data on load vs. rotation relationships for the 
solid block tests are most easily interpreted after the conversions mentioned 
in the paragraph above have been completed . However, a process of obtaining 
the data for Figures 9 through 13, for the 5-1/2 in. bolt tests, is demonstrated 
in Figures 14 and 15. The rotation vs. elongation curves are based on the left 
ordinate scale, while the load vs. elongation curves are obtained using the 
right ordinate scale. Once again, ,the slightly "softer" response, of the 
hydraulic calibrator of Ref. 4 is apparent, especially in the elastic range. 
Because of the extensive scatter beyond the maxi~pm bolt load, the average 
lines of Figures 14 and 15 cannot be considered useful beyond that point. 
12 . Description of Failures 
All of the direct tensile tests which failed in the bolt did so,. at, 
or near, the face of the nut. The 9-1/2 in. bolts With 1/8 in. thread in the 
grip appeared to have a more ductile type of failure than the 5-1/2 in .. bolts 
. with short thread., probably due in part to the differences in method of thread 
manufacture for the two lengths.. Considerable necking of the threads was noted 
in the direct tensile tests With 9/16 in. thread in the grip. Al though the 
failure planes in these bolts occurred some distance from the thread runout, 
visible cracks were observed in the bolt threads remaining between the failure 
surface and thread runout. Most of these fracture planes were inclined and 
occurred over several threads. 
All of the torqued tension tests conducted in the Skidmore-Wilhelm 
calibrator also failed near the nut face and showed evidence of a combination 
of tension and torsional shear. The difference in thread length in thegri:p 
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did not affect the appearance of the failures in these torqued tests as much 
as in the direct tension tests. The failure surfaces g~ner~y extended over 
two threads, and some contained a small longi'tudinal tear, probably indicating 
that the final failure occurred in tension 0 Some slight necking was observed 
in the test s wi th 9/16 in. thread in the grip. 
The bolt failures obtained from torquing in the solid steel block 
were similar in appearance to those obtained in the calibrator. Fi ve of those 
solid block tests, however, failed by stripping of the threads. It was noted 
that all of the direct tension and torqued tension specimens with 1/8 in. thread 
in the grip which develope~ tensile failures fractured right at the beginning 
of the minimum root diameter. 
It might be noted that despite the differences in behavior for 
variations in the grip shown in this and earlier sections, -the average~umber 
of turns to failure from ttsnug If appeared to be only slightly affected by the 
number of threads in the grip,; this difference amounted to approximately one 
quarter turn more to failure for the longer-thread-in-grip bolts. In this same 
connection, from Table 2 it can be seen that, for the tests performed in the 
solid block, the average turns to failure were only about 6 percent less than 
for those similar tests performed in the hydraulic calibrator. 
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IV • SUMMARY AND CONCLUSIONS 
All data for this series of tests have been summarized in Tables 
1 and 2 so that there is no need to repeat average figures here. A study 
of those tables and the figures w2ll provide details not covered below. 
Based on the tests of A490 1/8 in. diameter bolts reported herein, the 
folloWing conclusions appear justified: 
10 Bolts tested in torqued tension attained ultimate loads which 
were approximately 85 percent of those reached in direct tension. 
2. Bolts tested in direct tension With 1/8 in. thread in the grip 
had higher (by approx. 8 percent) ultimate strengths but less total elongation 
than did the 9/16 in. thread-in-grip bolts. When tested in torqued tension, 
these short thread-in-grip bolts had approximately one-quarter fewer turns 
to. failure from snug than comparable bolts with 9/16 in. thread in the grip 0 
3~ The difference in tightening a bolt in a solid block and in 
a relatively Usoft" or "flexible" hydraulic calibrator may be substantial. 
In these tests the bolts torqued in the solid block reached proof load in 
just over 1/4 turn from "snug" while those in the calibrator required 1/2 
turn or more from the same starting point (Fig. 11). 
4. There appears to be some variation in "softness" or flexibility 
:rrom one hydraulic calibrator to another 0 
50-Long grip bolts will require more than 1/2 turn from a "snug It 
of 10 kips to insure proof load in a Hsoft" joint assembly. The calibrator 
tests for bolts eleven diameters long showed approximately 2/3 turn from 
"snug" to proof load. 
6 0 The individual testing procedures employed in parallel 
investigations at two university laboratories did not produce significant 
variation in the test data obtained. 
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TABLE I 
DIRECT TENSION CALIBRATION 
Bolt Diameter in. 7/8 7/8 
Bolt Length in. 5 1/2 9 1/2 
Thread Length in. I 1/2 I 1/2 
Spec. Proof Load kips 55.45 55.45 
Spec. Min. Ult. Load kips 69.3 69.3 
Testing Agency a Lli NOI S LEHIGH ILLI NOI S LEHIGH ILLINOI S LEHIGH ILLINOIS LEHIGH 
Nom i na I G rip in. 4 1/8 (4 1/8) 4 9/16 (4 9/16) 8 1/4 (8 1/4) 8 11/16 (8 5/8) 
Thread Length in Grip in. 1/8 ( 1/8) 9/16 (9/16) 1/8 ( 1/8) 9/16 (9/16) 
No. of Specimens Tested 5 (5) 5 (5) 6 (5) 5 (5) 
Mean Ult. Load kips 75.9 (76.0) 72. 1 (72. 1) 74.6 (73.2) 69.8 (70.8) 
Standard Deviation kips 0.45 (0.54) 0.54 (0. 17) 1.57 ( 1.59) 1.32 ( 1.69) 
% Spec. Min. Ult. Load 109 ( 110) 104 (104) 108 (106) 101 ( 102) 
Mean E10ng. at Ult. Load in. .047 (.0508) .0569 ( .0647) .0710 ( .0779) .0792 (.0846) 
Mean Rupture load kips 68 (67) 61 (59) 67 (65) 62 (61 ) 
Mean Elong. at Rupture in. ... (0. 137) .. (0.245) 
-
(0.12) ... (0.18) 
Mean flong. after Rupture in. o. 13 ... 0.23 .. o. 15 
-
o. 19 .. 
Mean Elong. at Proof Load in. .0147 (.0154) .0160 (.0171) .0280 ( .0282) .0297 (.0292) 
No. of Bolt Tensi Ie Fai lures 2 
-
4 
-
5 
-
5 
-
No. of Stripping Fai lures 3 .. , I 
-
0 ... 0 .. 
~----- - ~-- -
TABLE 2 TORQUED TENSION CALIBRATION 
Bolt Diameter in. 7/8 7/8 
Bolt Length in. 5 1/2 9 1/2 
Torqued in Skidmore-Wi lhelm Torqued in Skidmore-Wi lhelm 
Testing Agency ILLINOt S lEHI GH Illl HOI S LEHIGH ILLI NO IS LEHIGH ILLI NOI S LEHIGH 
Nominal Grip in. 4 1/8 (4 1/8) 4 9/16 (4 9/16)' 8 1/4 (8 1/4) 8 11/16 (8 5/8) 
Thread Length in Grip in. 1/8 ( 1/8) 9/16 (9/16) 1/8 ( 1/8) 9/16 (9/16) 
No. of Specimens Tested 5 (5) 5 (5) 5 (5) 5 (5) 
Mean Load at 1/2 Turn from IISnug" kips 56.4 (53.4) 54.3 (50.0) 48.4 (48.8) 47.6 (41 • 1) , 
(65.4) i Mean U1t. Load kips 62.3 (61. ') 60. 1 (58.4) 65.4 60. 1 (61.8) 
Standard Deviation kips 3. 11 (2.80) 2.63 (3.00) 3.47 (2.80) 0.55 (2. 18) 
Mean Rupture Load kips .. (40) eo (34) eo (52) 
-
(50) 
Mean Elong. at Ult. Load in. .0249 (.0260) .0372 (.0310) .0566 (.0525) .0598 (.0698) 
Mean Elong. after Rupture in. 0.09 (0.075) o. 15 (0.11) 0.11 (0.08) o. 13 (0.114) 
Mean Elong. @ Proof Load in. .015 (.016) .018 (.018) .028 ( .028) .033 (.031) 
Ave. Turns to IISnugll fram 0.32 ... 0.29 ... 0.31 
-
0.31 ... 
Finger Tight 
Ave. Turns to Proof Load from "Snug" 0.48 ... 0.52 ... 0.61 ... 0.67 
-
Ave. Turns to Fa! lure from IISnug" 1.34 ( 1.25) 1.61 (1.56) 1.45 (1.37) 1.59 ( l. 87) 
Ratio, (Torqued Tension Ult.) 0.8! (0.80) 0.83 (0.77) 0.88 (0.90) 0.86 (0.87) (Direct Tension Ult.) 
Torqued in Solid Block 
No. of Bolt Tensile Fai lures 2 ... 4 ... 
No. of Stripping Fai lures 3 ... 1 ... 
Mean Elong. after Rupture in. 0.09 ... o. 15 ... 
Ave. Turns to IISnug" from o. 16 ... 0.26 ... 
Finger Tight 
Ave. Turns to Proof Load from aaSnug'l 0.28 GO 0.33 ... 
Ave. Turns to Fai lure from IISnug" 1.26 ... 1.50 - I L. 
Fig- la Direct Tension Specimen 
Fig. lb Torqued Tension Specimen in Skidmore~ilhelm Calibrator 
FIG. 1 SET-UP OF CALIBRATION TESTS 
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FIG. 2 DIRECT TENSION-ELOM~TION RELATIONSHIPS Of 7/881cp ~ 5-1/211 A490 BOLTS 
IA 
Q.. 
~ 
.. 
"tJ 
~ 
-I 
U 
0 
m 
100 
90 
80 
70 
60 
55. 
Ir1l811 Thread in 4-1/8" Grip 
• • ~ 9/16" Thread in 4-9/16" Grip· '~i . ~.J )1)( xv. ~ • ..... III )i"? 
45 Proof:!;' ;,-~- ~ .-~~ )IX ~ iI. .. IK l< ~)( II } 'It ~';( If" )(" 
50 
40 
30 
20 
10 
load .If ~ III ,. i"""..;..x. Jl (I c' J( .. ~ . 
" 
A )(111 P--.. 
I III ~ • 1( . """illlli ~iC l( .) . .. cD I( It J{ It J .. 
A 
r~ 
It l/S18 Thread in.4-1/881 Grip III 
'J{ 9/16" Thread in 4-9/16" Grip I --x 5-1/281 Bo 1 ts 
7 --~ 
/ 
o 
a .01 .02 .03 .04 .05 .06 .07 .08 .09 
Bol,t Elongation, inches 
.10 .11 .12 .. 13 .. 14 .15 
FIG.3 TORQUED TENSION .. ELONGATION RELATIONSHIPS FOR 7/888CfJ x 5-1/211 A490 BOLTS 
TORQUED IN SKIDMORE ... WIUiEUi CALIBRATOR 
A-Il'.aa ... _& .& ... •• ~.-.,;.<>:>.""" l.'~_ .-..... _ 
en 
Q. 
-
..:Y. 
.. 
" co 0 
...J 
.., 
.-
0 
GQ 
100 I I I I I I I I 
90 
80 
Direct Tension .... l/S11 Thread in 4-1/818 Grip L __ I!...i re!t TenLon .19/1611 IThrea! In ~~9/16" IGriP 
~ - L_ --:~ __ 
---
I - - .... ~-70 
60 
,#' 
---- ~--J .~ ~ ~ -/' Torqued Tension .. 9/1688 Thread in --Il --~ r/; ...- -::II ~ 4-9/16" Grip I 
55, 45 Proof 
Load 
50 
40 
& 
rJ 
30 J. f 20 
10 If 
V 
o 
o .01 
~ .......-: - -!'--~ ~ - ---~..-- r- __ ~/ --- -- 1'- __ 
---~, -r-_ 
-----
.~ 
r - ....... i', -- -- ----. I --
" 
..................... -
Torqued Tension .... 
1/818 Thread in 
4-1/811 Gr i p 
--- Lehigh Curves 
AI) Torqued Specimens Tested in 
Skidmore-Wilhelm Calibrator 
I I I J I I 
.02 .03 .04 .05 .06 .07 .08 .09 .10 .11 
Bolt Elongation, Inches 
.12 .13 .14 .15 
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